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A.  FURFOSE, ' e
ls This-study was oonduoted to compare the suitability of five diffevent ’~

principles of ingtrument indication for check reading purposes. Two types of

reading evaluation were made: (a) simple check reading, or the mere detection

of. & deviatiom and (b) qualitative resding, or judgement of the direction of

& deviation, o . g )

Be  FACTUAL DATA:

2. In this experiment, the exact uantitative information presenmted on a
standard airspesd indicator was duplicated on four other simulated instruments, -
all of which were ther camparsd for ease of sheok reading. A rotating dial,

& rotating pointer, a moving pointer on a linear scale, a moving linear scale
and a direot reading counter wers the indicators used. These instruments are
shomn in Figure:l of Appéndix I. s : e

~ 3s Three separate ~oxperiments_-yei‘é:undei't:afken;f In each, the task of
the suhject was tc respmnd by appropriate movement of = teggle switoh'to randam
pregentations of the five simulated instruments in an exposure avperatus. This

- apparatus consisted of a4 panéel with a window behind which the instrument assemblies

could be interchangeahly mounted. A shutter covered the indicator between trials,
in one of the experiments ths subject was required tec udge whethsr or not the
instrument reading had changed from a desired reading 2ohock reading). The other
two experiments required the additional judgement cof the direction of deviati. :
readings (qualitative reeding). :

le” " The results of these experiments showed that the time for simple check
reading and making of an appropriate switoh movement ransed fram 0,51 seconds for
a rotating pointer to 0.6u seconds for a rotating dial indicator. For the more
ocwplex qualitative reading the response times ranged from 0,59 to 1.00 secsonds
with oonsiderable veriation depending upon the type of indicator and direction of
switch movement. In gemeral the moving pointer indidators were superior to
thicse with moving scales. For both types of reading which were measured the direot
reading counter with three digits gave recults camparable to the best indioators.
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v ang pointer nstruments ars in goneral s“perior té m@g ;fti}w

s for ee.se;,of check#and_qua.litaf.ﬁ-a- naad.’mg.- T e Fres

Ao = A B

‘ré’f“_“ g b. For Judglng the direction of an instrument dqti_qtion irr ”for?m;? off & -
5norease or decrease the 9 ana 12 o'clock positiomms of a oircular d:[.o.l are saneihafs
auperior to the 3 .and 6 o'clock poaitionac o AT

e - - T AR

- ce - A-moving pointer on & ciroular dial Appears to be 5115}:%13' lupotior
%o a moving pointer on a’'linear scaie for ease of check reading. For qualiﬁiiﬁ
,re:ding the moving pointe oh & linear scale appears to have & goneml advintl.go

over a rotating pointer since the former has the same: diroution of mctton for et
a1l parts of the scale.

de, A diroct reading counter with only thres digits gives ‘exasllent

results for ease of-check and qualitative reading when only one instrument is baing
read u in thi.a invoatiga.ti.m. s :

- @s In measurements of qualitatlive reading, which 1ﬁvolw jndgi,ng the
direction of a .deviatim", the nature cf the respamse required of the subject is
e signifiocant factor in determining the speed and accuracy of response.

D.  RECOMMEEDATIONSs

" 64 YNome,:
ij_zuz’;m p""/‘fl“z Lrv

“Fe G

Prepared tij
: Psyohology Brmck 5

z“v_J

Px°p&redbyz SIS ST D ﬁ"” 3

Approved by

Approved bys
E Oode,
Chiqf dsro lodieal Opoutiml

Approved by

Chief, Mro Medical mhoratory



ER

Engineoring Division :
MUsmorandum Report Ho. l!CREXD-69hr17A c 3 - g o

20 September 98 e £ b ey S T e e g e 2 i
el o e e ,-....,.f". ==
- 1 - R e ™ oy, =X
: C o APPERDIX T e e e T g
e ,_l e T S l T 1 .: Pton s A %pﬁv.‘ . fo .;,_;, ¢ g ’g.'f',e_ &z; g

e ; Psyehologyul Factora .’m Oh‘eek Readin %

k2 7 —4~| Pt Tkt

o p "' f‘ "-< B “b'«" % 7

----In a large numbor of situations, Molu&ing that of ‘i:he a.ircrai‘t cockpi:b;

'l‘

it 18 nésessary that instrumerte and indicatérs be-check read with the greates

possible écouraoy and speed. At cert:a.in times, as for. instamce, when the ‘plan

“is 4t crutsing speed, the airspeed indicator is read in this manner, - That is,

1t is morely “okeoked™ to-determine whether or not.a change of .the ‘indicator
from the normel or null. position has oocurred. This restricted typé of reading
fimotion has been defined in & report by Grether (2) in whieh he differentistes
it operstionally fram qualitative instrument: rea.ding vhich determines the meaning -
of & deviatiom from the normal ér null position, &nd quantitative instrument -
reading whioh determines the actual numerical value of an indication. This
study is one in a series of experiments undertaken by the Psychology Branch of
the Aarc }: dical Laboratory in order to establish some of the psychologiocal
.speoirioations for op’ci:mm oheok reading and qualita’c:we reé.ding officiency. .

One important question mth regard to oh.eck reeding of Bingle 5nstrumenbs
is the extent to which speed and accuracy of reading is a fumction of the type
of display prinoiple iused. The purpose of the investigation was, therefore,
to campare several widely differing means of presenting quantitative laformation

over a wide range of values with regard to their respective merits for chook
and qualitative reading purposes. Underlying the study was the assumptionm.

that the nature of most check reading errors is such that it should be possible
to eliminate many of them by prcper design of instrumsnts. An illustration of
tho improvements in ease ot chack reading from changes in instrument desigh
is found in & report by Warrick and Grether (6) of studies of the design of
engine instrunent panels. Their investigations showed that a group of sixteen

similated engine ingtruments with horizontal pointer ali 14 1d be ghd®
read in apprgimtgiy O.% gaoondsgor stu‘gy S s.lt{sn 6 dggigg Grgtherdfl)

has. shown that relatively great differences in speed and socuracy of quantitative
reading cai result from differences in instrument design. It is believed that
most of the instrument reading carried out bty pilots is in the nature of
check reaading eand qualitative reading rather than the slower and more somplex
quantitative rvading. This belief is supported by a study of pilots' eye
movements during instrument flight (3), which showed that for most instruments
the average fixation time is about 0.5 seconds, whioch oould scareoly permit
reading the actual numerisal value being indicated.

The exact qu&ntiba.tive data chosen for experimental vuriaticn in this
invewtigation was +hat of the standard eirspeed indicator. Five commonly
encountered prineciples of display were employed in instrumenmts to be compared
both under simple cheok reading and qualitative reading camditicwms, A third
ocanparison was made Yo evaluate some of the i‘actof,ra influencing porfom&noe
on the standard rotating pointer instrument.
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In cq.rr‘ying out this investigation three sopamto experimenta wore eanducﬁed
as followsx =

T S
oninirin ) o o

&penimgxit--l; .‘ Qualitativo Rza.cmg Evgluatim or Five mfferont Prm-f
= __ ciples of Indicatiom.

(gxpsgiﬁfwt II, Simple Check Reading B‘valuatlah of Five’ iffér&t et %
i " “Prinoiples of Indloatiomo _ s
%periment IXI. Qualitative Fnading of Rotcting Pointer &nd Rotatlﬁg
5 e Dial Instrments in Relation to Pointer Position 'and

Nature of Response,

Experimant Nos le¢ Qualitative Peading Bvaluation' of Five

Different Principles of Indiocatiom.

PU.EE0.0Q

The purpose of Experiment No, 1 was to sompare the spead and accuraey of

" qualitative reading for five principles of indicationsy a rotating pointer, a

rotating dial, a moving pointer on a lineat scale, a moving linear scals, and
a direct reading counter. Qualitative reading was measurea Gy resuiring the
subjects tc indicate by an appropriate switch movement whether a presen &

instrument reading was higher, lower, or the same a3 a desired and prnioualy

observed instrument "aading..

Apnaretus, Procedure and Bub;jectao

Figure 1 (page 16) containg photographs of the five sirulated airspeed
indicator designs used in this experiment along with smec of the results.
These instrumonts all presented essentially tha -dame infoma"i:ion ing videly
diffefing fashicns, i

48 geen in Fipure 1, the five simlated- mstnments rmged frcm a direct
reading counter (E) to a conventional airapsed indicator (A). This latter
design used a single pointer te indicate airspeed ou s 50- to 700-mile scale
with graduations at every 10 miles, intermediate graduations at every 50
miles, and zmumerals at every 100 milas. As with ths othsr instruments of

this study, scale intervals were of equal size thruughout the range of ine-
dication. s ;

Inatrmnem: 3 of Figure i gomewhat ro:unbled corta.i.n dirootioual indiottora 3
the poiuter was permanently fixed at the 9 o'clock positian, and the dial
moved behind the pointer. The pointer and a 120’ aro of the rotating dial
wers exposed behind & window, , :
&
Instrument C of Figure 1, a linear scale with a moving pointer, was a
linear counterpart of the ciroular dial (A) with a moving pointer, Instrument

D, a moving linear scale behind a fixed pointer, bore the same rel ationship
to the ciroular dial B,

L
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T "airect reard ng “counter (B-ui FPigure 1j)- i‘ms iu;éomwhnt Bl lar muei iy

‘on sltitude indicator designs (see reference ‘1) besn demonstrated o rg,gué.ro

‘relationshipe’ ~ In this odse, thres colutiis of digits wers’ use "_ é”’fﬁ'oﬁ&& A

comnarabil.ty to tho other - experimental instruments. e sl . e =

s - - = i AR

The testing equlpnent may be describod oriefly a8 followsy :-in the-center
of an 18«~inch by 2j-insh black bakelite panel was cut & 3 1/2-inch-squareé
window before¢ winlich a simtter~like shade of the same material was lowered, 7
The simul~ted instruments were installed directly behind tHe window in a frame- -
work oonstructed in such a way that tne five instrument dsssmblies ceuid be
interchanged and shown separately in an irrepular ssquouce. The instrumsnt was —
exposed by raising the shade with contvols in the rear cf the panel, The
opening of the shade started & clock which was stopped by the subjeet when-
the correct response was made, Uron campletion of the response, the shade
was again lowered, rermitting the experimenter tc adjust the inctrument for the
‘next trial., By means of measurements made with the Macbeth Illumincmeter;
the intensity cf illumination on the surface of the imstruments was adjueted
to approximately 30 fcot lamberta for the white markinges on the instrument .
faces..

The subject lheld in his lap a three-way toggle switch for regiztering his
responses. According to the instrustions given him the subject wes to push
the switch handle upward if the instrument reading had increased beyond a
desired end previously presamted reading, to the right Af it had not changed,
and domward il it had decreased. The clock for timing continued running until
the correct switch movement was made. In case of error the subject clways

oorrected his respanse. before the screen vas lowered in pr-spu:a*lcn for the
nsaxt trial. : : ST, et

During a typmal test sesslion the subject was- seated ’before the apparatus,
ayes level with and 28 inches rrom the display panel.' After apprcpriate
instructiome the subject was siven a few practice trials to acquaint him with the
procedure, Following & ready sigmal from the administrator, the shade was
raised to reveal cne of the imstruments, The subject wes required to note
and remember the setting which was shown so that he could detect deviations
frowi At on subsequent exposures. A series of eight triele then followed to
which ‘the subject responded by maxipulation ol {he switoh tc indiostse whether
or not deviations fram the setting had ocourred. . Because of parellax and slight

3 irregulu'uies in the pointer aligrment the gubject wae instruoied to disregard
deviations fram the original astting of less than ome pgraduation or 10 miles,
though ectually no deviations of less than 20 miles were pressmted. Thres
sugcessive ‘soitings with eight trials each were pressnted for =acli of the
five instruments. Both time and error scores ware {i_z'_-corded by the admiriatrztor,

\n

& minimm amount af interprétation for. qum‘bit&tivt roading imt is thoughf Sl =Rl R A

:T;ﬂ

cc‘né‘ ‘ihdv]peimr—- =

I GRS e e N gy e --;--Mr—‘-’ oy s Tt e

€ TORN

! ok




‘-e®oh- instrum

hgineerim; Division

Meomorandum Raport lo. MGRR!D-(:Qhr 17A

20: Boptenber 191;8

Iha orderf of presentation af instrumente and insirument ea"tings was
-mtmtica.ﬁy varisd to balaxce cut practice and fatigue effects, us well

as say remaining mnﬁ-up effects. | WAth. 20 subjaocts used in each comparism
there was a tatal of 160 judgenents for each satting and 48O judgements for . -
b Bettings of 150, 210 and 500 miles per hour were-used ‘om-all -
instruments with the exceptiom of the diAl with ratating pointsr .on whieh

. 150, 210 and 500 miles per. hour were presented.. The 500 mile per hour reading

was included so that settings from both the right end left halves of the .

dial would be presented.  These figures represent minor, mtemeditte, and
major seale divisione- but-were- hemiee arbitrarily chosen. =

The oruicial differemce betwesn this and.the expenment which follows
1ies in the nature of the subject's respunse. In the present’ instance, not
only deviations from the original setting but also the direction of deviatiom
was noted, This, if the instrument on a particular trial or exposure indicetsd
an airspeed which was in excess of the original setting, the subject's response
indicated not anly that the reading was different but that it was gresatsr
than the original. This type of interpretation is oalled "qualitative"
reading to distinguish it from simpls check roading where only the prosonoo
or absence of devutions is considered.

~ Twenty male subjects fram the Aero Medieal Laboratcry were used as subjeotl,
Pive of whom were qualified pilots with 600 or mere hours flying éxperiance.’
From examinatica of the data, it appears that experienca of these latser sub=
Jeots in using the standerd airopeed :lndica.tor did not have & significant erfect
upon the resulta, : _ :

Rosulta. )
_The m‘,or results are shown in Table I nad Figure 1 in terma of.the

a.veruge response time and the frequency of errors for each of the five indi-

cators. It will be noted that the reaponse times range from 0.61 to 0,90

seconds, and ‘that the errors rauge frm 6.3 to 32 8 per cent of total reasponses
for ‘the five indloators.

One of the most striking findings shomm by these date from Kx;erimant
No. 1 is the rather great difference “in speed and acouracy of qualitative
reading for the right and left halves of the standard disl:with a rotating
polater, 1In fact, for btoth speed and errors the performance on the remsining

four indicators” fell betwsen the two extremes otitained an ths two halves.of

the standard dial. Tiat the right aide of a circular dial is aotuslly as
unfavérable as the rssults would suzgest oan be questioned becauss of ths
nature of the switsh respmnse which was required of the subject. -On the right
side of the dial an increass was indicated by » downward doviation of the
pointer, to mhlch an opposite (upward) movement of a togglo switch was required
of the subject. 1In contrast, on tha left helf of the dial an incremse was
indicated by an upward pointer movement requiring alsc ax upward mcvement of
the toggls switoh. The results of Bxperiment Fo. 3 showed that this direstion
of switoh in relatian to indiocater motion omn have a casiderable effect

upon the results.
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“;.& . .tn*ng the remaining indica’cors none of the diffararcesm vory great,
;. although in gemeral the indicators with moving scales end stationary pointers
~*§9' iwere tharior ‘in terms of :pecd ‘of “respange to those with moving pointers. =
¥ ‘The direct readinp counter gave very satizfactory” ‘results, belng read only 7
»élightly louL pidly than tha best_moving pointer indicators. . .

Bxperimsnt No, 2. Rimpls Check Reading Evaluation of Five Different

Princ;plea of Indication. - -

' Purpose.

The wrpoao “of kperiment No. 2 was to compare the speed and aocuraoy
of simple check reading for five principles of indication: a rotating pointer,
e rotating dial, a moving pointer on a linear scale, & moving linear scals,
&nd a direct reading coumter. For this purpose the subject was required to
indicate by an appropriate switch movement whether a presented instrumext

reading was the same or different from a desired and previocusly ohserved
reading.

Apparatus, Procedure and Subjects. - -

The same apparatus vas used as in the first experiment although the
testing procedure was sanewhat modified to suit the differemt purpose.
Only two of the response gwitch positions were used and the:subject was require
to move the switch arm to the left if the presented reading was the same and
to the right if different froam the desired and previously presented reading.
As in the previcus experiment three settings (150, 210 and 300 miles per
hour) were used oo each instrument and eight trials wore presented at each
setting. 4An exoeption was made for the rotating pointer indicator for which
four settirgs (150, 210, 500 and 610 miles per hour) were used in order to have
two settings on the lert as well as the right half of ‘the dial, "It is :
enphasized that the major shange in the seond experiment was that the subjeot
was required only to judge whether or not a change had ocourred since the
last reading. A decision as to whether the reading had inoreased or deoresassd
was not involved, a® it was in Bxperiment No. l. Extensive counterbalancing
prooeduros controlled practice, fatigue and learning effects.

"'wenty malo subjecte ware agein used 16 of whom had aleo sorved in the

preceding experiment. Approx:\.mately threo weeks intervenad batween the two
exzoriments.

Resuilts,

The results of this experiment are summmrized in Table I and Figurs 2.
It is evident that simplifiostion of the task in Experiment No., 2 resulted
in mors rapid responss time than was ottained from the more complex qualitative
reading in Experiment Ho. 1. Moreover the differences between indicators
werc considerably smmiler for simple check reading.

i



ﬁgmeering Diﬂlim e
_ Nemorandum. Réport. xo. mnm-@b-an o
_ @ﬂ!&m}:er 19145 : sy SRS

v Bt e e i e

-~ - -—

m oanparing the results for the diff‘oront 1ndieatora in kperinont Bo. e
“-:2 it@"ndted*thn‘b the differenoe batween the- ﬁght' and left half of -the e
:tandard dial was-oonsiderably Teduced; presumbly becauu in simple ehook i
uu Ming the direction of deviation 18- not a fagtor in-the respoase, In A
semeéut with th --.’,,fir,“ “experimait the fixed pointer instrumerts, B and D, . e e
e 8 BameWhAL ’p_ooﬁ r resu es. “Epparently dfﬁpIacemon'&’ 6f a pointer is éasfor S i
4o detect and-respdnd to than Wi isplacemeit of a’scales, For the type of reading ~
reqt.’u‘od A% ‘Ahie “éxpetiment the direct. resding -counter, E was approxinately g
oqual to il;lm‘:m:rvi.ng poin&ar indieators, 4 and-C :

‘.._ a"

'Hr -

a ﬂﬁ‘xough tﬁp ?iu'f&“renc‘*beti:aen respca‘.:a timss ‘for.the best and pocrest
-indisators in this expefiment is rathner small-(0.51 versus 0.6l seconds)
it can be aseumed that the dcotual advantage of the best over the poorest indisator
is grutor than this difference would suggest, It must bs rememtered that this
respause time meagures a combination- of perceptual time and motor tims, The
.-purely motor time was presumably-a oonstant for all five of the_indieators,
If the perceptual time could be separsted “ram the motor time and the differencss

exprsssed as per cent lnoreass in perceptual time, the rolativa merits or tho
-various: indicators wouid become more svident,

mqrinont Fo. 3e leztative Rouding of Rotatine Pointer and Rot&tinﬁ Dial

| Inatruzpents in Bela.ti.on to POln»Or Posit 2] &nd Nature of Bupmso.,
“Sarpose. - .

Bxporiment NHe. 3 was conducted in order to broaden and extend some of the

findings of the two previous investigations. From the first two studies,

it was evident that an indicator ineorporating & moving pcinter on a fixed
dial is superior-to a fixed polmter on a moving dial, It also appeared that
the effioacy of quelitative reading of the rotating pointer instrumemt might

be 2 fnction of the sector of the dial from which readings are being made

and. that this is probably rolatad to the typre of rsspanse motien. 1In this
third experiment wnly the rotating pointer and rotating dial indiecators were
studied with special reference to the dial quadrant and the direction of re-

-~ sponge -switch-notion being used,

mm:. Procednre o.nd Subuctl.

The upp&v-atul and oxporimontal procoduro of this study follow that of
Experimsnt Ho. 1 in outline but differ in several important respects. Though
mly the two eircular indicators were ussd (rotating pointer and rotating
diel), eight different evaluatioms were mude sinocs each of tlke four guadrants
of each dial was cmsidered as & separate instrument. Thn instrumente were
nounted in the same exposure apparatus and recording and nistration were
the same as in Experiment Ho. 1, However, instead of bomg required to remember
fron trial to trial what the correct setting should be, the subjeot had

directly opposite him cn the left a reference dial with the correct ntting
to Ihieh he sould refer at any time,
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| In tm; study ’che au‘hjec:t:s wery di-.'ided into four grwps m 3ecardtmcg

i with the faur principle ways in which a switch might be moved in responsE . “X
: e oo~ dded roading~vhich was too high (that is, up, dem, left or right)e - oS
e Bach ‘subjeot was-tested on all quadrants. of both instruments so that for. eao‘1

! grodp’ of ‘five hubjocts,, ths motion of the response switch end of the pointer . <
RSy '“‘"(or dtal facej mas: in. agreement in cus quadrant, in direct’ dxaagroment Inz
o bosite quadrant, and presumably unreiated in the. two remaining quadrmtu. -
] . As ba ore, settings of 150, 210 and 300 were nsed on all instriments, but an’

equal mmber of settings at LB0, 500 and 550 were also insluded in the. event.

that scores might be appreciably influanced by the size of the numeriocal

raadmgs. ‘Extensive counterbalancing procedures oontrolled practice, fatirue

and learning offects, ey e

"Aa :\.n f;h'a' previaus experiments, 20 male members of ths Aero Medioal
laboratory staff were used as subjeots, 13 of whom had servsld inm btoth former

studies and 3 of whan had served in only one, the remainder being used- f‘a-
the firat time,

Results.

The resultz cf Experiment No, 3 are surmarized in Table II which gives
reaponse times and Table IXI which gives errors, In both tables the results
are broken down acoording to subject groups, each group having a different
responge switch motion for signalling increase and decroase fram the desired
reading, The underlined valies in the tebles are for the dial quadrants in
whioh the switch motion was in the same direction ms the pointer deviation for
the rotating. pointer indicators. For the rotating dial indicators the under-
1lined values have the same meaning, except that there was actually no pointer
movement. Rether the dial moved behind the pointer in the opposite direction.
For this latter case, thereforc, the underlinad values indicate dial motiom

in a direotion opposite to that of the roquired response switch motiam.
At the dottom of ?ab’ 88 II and I1II are the cambined data for _all groups on
the eight types of indioatorao

diale As m1ght have been expected, perfom.a.aco on any quadrant of the
rctating pointer instrument when switch and pointer movement coincided was
very substantially superior to performance on the same or opposite quadrant .
whenn awitch and pointer movement disagreed. In cases where the switoh and
pointer movements were independent or in opposite pianes, perfermance was
generally poorer than for quadrants where movements coinscided and quadrants
where movements disagreed. This is a reflection of the fact that subjects
may sametimes improve their scores with reverse motian relationshipas vy
orienting thenselves to corresct for the change in the pointer or dial positian
rather than to follow the pointer movement. Certainly it is clear that in
general respouses tended to follow iudicator movament and that performance
en any instrument was closely releted to ts mode of response,
¥

Fo &videnoce was amassed which would indicate unequivocally the superiority
of any me dial guadrant over ary other, Gensral tenlenciss {or shorter time
and fewer srrors in the G and 12 o'clowk areas suppcrt the results of a related
study by Werriock and Grethsr (6) on ths influsnce of dial sector on speed md
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Se’verul gmoral £ind1ngs ntb rogard to oase oi‘ chec;. and qnulitutivo

reading are revealed by the results of the three studies. Ir all cases.
- & moving di&l er soale bshind a fixed pointer reeulted in somewhat poorar
perfotmnoe, particularly in terms of speed of response. There was also some
"""" ‘tendency to xake more incorreét responses on this type of indisstor, This
< general finding indicates that displecemsnt of & socals is more difficult to
‘ detect mnd intarprst than a comparable displacement of a pointer. The ressm

‘for this is probubly that check reading of the scals requirea reading of

one or more of the numerals on the scale, Oa a moving pointer indicator

a mere shift in position of the pointer is a Sufficiemt ocue und ths.mmarals.
“- on the soale fieed not bs read, Or & rotating pomter indicator there is

not anly a displacement of the pointer tip but aleo & change' in the angular

position of the pointer. For this reasca, probably, the ro{:s.tmg ‘pointer with
‘ N camparable direction of motion appeared to be sllghtly auperior tc a pointer
. moving againat a linear scale. . i :

i : This finding that moving ssals indicators are inferior is'anhe.t
oonflict with results obtained by Sleight (L4) in faver of open wiidow (ndving

‘soale) instruments. There are two posaible explanations for this- niuymm.

The axperiment by Sleight was concerned only with quantitative reading and used.

& controlled expdsure interval which permitted no shift in visual fixetion

from thet whioch the subject had made in advance of the exposure. It is

bélieved that such a combtrolled exposure favored the of open window or maving

_goale innioa.tora since on thsse thre subjoct knew in udmce whore the indieatlon.

would appga.r. -

Another finding which was clearly revealed by the preseat series of '
oxperiments 1s that the nature of the respemse required of the subjést has
a cansiderable effect upon the findings with regard to qualitative reading.
This was especially clear in Brxperiment No. 3. This finding gives emphasis
to the need for adequate knowlsdge concerning optimm relstionships batween
indicator and ccntirol movements in aircruft., S:me deta on this problem
.- are already available from experiments by Warriek (5). It is gquite clear:
. from these instances that any experirents ou instrumesnt reading which require
' a marual response mist give adeque_.o sansideration to the rola rlayed by this

roaponee in iofluencing the roaul.,s. % 3

’ It appeays quzte evident fraom the rmm.l.ts of this Ier:.ea of experiments

\ that the most common airoraft instrument, a rotating pointer on a cireular
dial, is an excellent type of indication for the purposes of check reading

{ and qualitative reading. When judgement of tha direction of a deviation is

10
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e ‘ﬂrquiréﬂ, ﬁha’c’ irlfor*dualitatdw readings; ..hé Q and 12 o cl:cck pouitions of
W ol & diEFappdur £6 be ‘§aewhat superior to f;ﬁs 3.and. 66 rolook-positionss
- Inthis réspect. the: regu];ts support the earli&g;' findi.ngs of ‘arrick and

arether (6) ‘@ chcck-reading of - graups nf angiﬁ& mttmenta.

i = o~ ._.,:.7 )

‘u i

hother noteworthy xinding af this .anes‘ki gatio-: is r.m.t rnnf rnadinz
" omnter with only three digits is wery easily check read, ‘being smong the -
best of ‘the indicators studied. Judging the directlon ofvha de~tation, .-
" that is qualitative reading, was also quite easy with this indieator. It
«-ig -believed, however, that further studies should be made before it can be
‘safely concluded that.direct reading counters should be put into general
use as airoraft instruments. It is quite probable that couners with more }
than three digits might give quite different results. It is alsc possible that ~
in instrument groups, where the reader would be required to shift from we
indicator to ancther or check the group as a whole, the resu'lts fox- the -
direct reading counter might be less favorable. e

g conolusicna. T e e s

Fran the find:.r.gs of this investigation the follcwing conclusions oan be _
drawn; . '

1, JMoving pointer instruments are in generai s\"peri_o_; to ;oﬁhg soale
instrxments for:ease of cheok e.nd qualrba sive reading.

2, For Judgmg the direction of an mstrument dmation i.n tems of

increase or decrease the 9 and 12 o'clock positions of u circular dia.l are
' sunewho.‘t' supenor to t‘xe 3 and A o olock positioms,

LS R A movirg pointer on a oircular dial appears to be slightly surerior
%0 & moving pointer on a linear scale f~r ease of chook reading. For quali-
tative reading the moving pointer on a linear scale appears to have a- general
advantage over a rotating pointer since the former has the sane direction -
of motion for all parts of the scals,

L. A direct reading counter with only three digits gives excellent
results for ease of check and qualitetive reading when only one instrument
ie being read as in this inwstigaticn. S

SR BiL Tn-messurements of gualitativs reading, which iuvolve judging the
"-dirqorbion of a de'v:t&tim, the nature of the responss regquired of the. subjeot-

«
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- Spaahe fpasrial Qualitative Simple Cheok

Reading _Reading

Mean Time 4% Brror Meen Time %X Error .
{secands) {seoonds) -

A4 Dial, Hobabipg Pointer - K VDI . . A ————
Hght 8ide 0490 328 0e55 13,8

5 hsft Bide 0_.61 6% 0.51 - 9.1

B, Dial, Ro‘hating Dial 0.80- 11.3 . .61; ot L0 0

- 03 Soa.le,' Moving Pointer 0.67 _ 1_0‘.2. . _.26 . }235
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